Objective: To evaluate the craniofacial morphology of Japanese patients with unilateral cleft lip and palate and to evaluate the multiple congenital factors that affects craniofacial morphology in unilateral cleft lip and palate patients. Material and Methods: Lateral cephalograms of 140 subjects with unilateral cleft lip and palate were taken before any orthodontic treatment and alveolar bone graft. Subjects mean age was 6.85 ±1.56 years. Primary surgeries performed by surgeons from Hokkaido University Hospital. The craniofacial morphology of the 140 subjects was assessed by angular and linear cephalometric measurements. Gender, side of cleft, complete/incomplete type of cleft, presence/absence of lateral incisor in the affected side, family history of cleft and family history of skeletal Class III was chosen as congenital factors. To compare the assessments using congenital factors affecting craniofacial morphology in the unilateral cleft lip and palate subjects, angular and linear cephalometric measured values from each individual subject (control group) were converted into Z scores in relation to the means and standard deviation of the two parameters. Results: Twelve out of 13 craniofacial morphology outcomes were insignificant in 5 out of 6 dependent variables. Only 1 dependent variable showed 3/13 significant differences. Conclusion: Current study revealed the evidence that there were almost no significant differences in the craniofacial morphology outcome among various congenital factors. This will provide base line information and help determine the effectiveness of such factors.
Introduction
Cleft deformities are included as global burden of disease, recognized by World Health Organization (WHO). Overall worldwide prevalence of cleft deformities is 1/600 new born babies.
Foregoing studies assumed that both environmental and genetic factors are responsible for cleft lip and palate (CLP) [1, 2] . In children with cleft lip and palate, dental anomalies are common than in the general population [3] . Treatment of CLP involves a multidisciplinary approach for a successful treatment outcome.
In our previous study, we explored multiple postnatal factors that affect craniofacial morphology (CM) in Japanese patients with unilateral cleft lip and palate (UCLP). We conclude that, in subjects treated by a modified Millard type of cheiloplasty, a two-stage palatoplasty, and a Hotz plate there were fewer adverse effects on craniofacial morphology [4, 5] .
Several studies and considerations on the impact of the primary operation, such as the type of cheiloplasty [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] and the type of palatoplasty [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] have been reported. The effect of preoperative orthopaedic plate was used or not have been reported too [5, 7, 16, 18, 19] . However, the cause of maxillary retrusion in UCLP patient is still debatable.
Many reports have been assessed the multiple congenital and postnatal factors that affect treatment outcome based of dental arch relationship of patients with UCLP [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] . As well as, several researches have been published about CM in patients with clefts [4, 20, 21] , however, we know of no clinical research with large enough samples to take account of all congenital factors.
We have retrospectively assessed the CM of Japanese patients with UCLP and investigated the various congenital factors that affect craniofacial morphology in these patients. We hypothesize that there is no differences in the CM outcome of UCLP patient among various congenital factors.
Material and Methods

Study Design
In this retrospective study a chart review was carried out to ascertain the subjects with UCLP visited at the Hokkaido University Hospital Orthodontic Clinic, Japan.
Sampling
Initially 450 CLP (UCLP, bilateral CLP, cleft lip, and alveolus and isolated cleft palate) subjects were selected from the record archive. Of these, 165 subjects were non-syndromic UCLP.
Following strict inclusion and exclusion criteria, finally 140 UCLP subjects were included in this study.
Appropriate sample size calculation was done using PS software. Prior data indicate that the difference in the response of matched pairs is normally distributed with standard deviation 0.84. If the true difference in the mean response of matched pairs is 0.2, we will need to study 140 pairs of subjects to be able to reject the null hypothesis that this response disparities is zero with probability (power) 0.8. The Type I error probability related with this test of this null hypothesis is 0.05.
Hundred forty (140) lateral cephalogram of UCLP children and 382 lateral cephalogram of subjects with Angle Class I were used for the clinical investigation.
Data Collection
Subjects had undergone cheiloplasty and palatoplasty at the Hokkaido university hospital under the highly skilled specialist surgeon. Table 1 show the details about cheiloplasty and palatoplasty that used in this study [4] . Table 2 show the demographic data, selection criteria, congenital factors, details of control group and armamentarium. Figure 1 show the details of the measurements of CM outcome using lateral cephalogram. 
Data Analysis
To compare the assessments using congenital factors in the UCLP subjects, all measured values for a subject were converted into Z scores in relation to the means and standard deviations of the two parameters in the Angle Class I subjects. The values of cephalometric measurements depended on the age and sex of the subjects in the 382 Angle Class I subjects. The Z score was calculated with the following formula: Z score (X) = (X -X) / SD Where X is the measured value of UCLP subject, and X and SD are the mean and standard deviation of the Class I subjects. Using Z scores, the allocation in the congenital factors were compared for the UCLP subjects.
For error measurements, Dalhberg's formula, ME = √Σ(x1-x2)2/2n was used to establish the disparity between 2 measurements made at least a month apart. In which x1 was the first measurement, x2 was the second measurement, and n the number of repeated records. 
Results
Congenital factors affecting CM of 140 Japanese patients with UCLP were assessed at Hokkaido University and compared the assessments using congenital factors in the UCLP subjects.
0.13 degrees to 0.83 degrees of combined error for the angular measurements, and from 0.10 mm to 0.35 mm for the linear measurements were found. 
Male vs Female UCLP Patient
Discussion
According to literature, CLP has been extensively documented as one of the most commonly occurring hereditary orofacial birth defects [22] . Regarding the general birth defects world widely, it has been documented as the 2nd most common [23] . Contemporarily, it has also been deemed as the most common non-syndromic craniofacial defect [24] . An overall incidence ratio of approximately 1.30:1000 among Asian population has been published [25] . Regarding nonsyndromic clefts 1.41:1000 in Japanese, 1.21:1000 in Chinese and 1.25:1000 in other Asian populations have been documented [25] . However, significant heterogeneity among different ethnicities has been computed [26] .
Novelty of this research, we realize of no clinical researches with large enough samples to take account of all these congenital factors and the CM of UCLP children till to date. The great epidemiological benefit of our UCLP children is that all their cheiloplasty and palatoplasty were done at the same university hospital, not several hospitals, by surgeons with similar skill who were using the same practice for each surgery. We cannot say whether analogous findings might be attained from other patients with UCLP. It might be useful to carry out such study in groups from other hospitals. As, this field of research remains unexhausted and ever growing towards improvement of patient care and quality of life. Despite of being one of the most common orofacial birth defects, even a single study has not been conducted on any population to assess the CM outcome in relation to congenital factors that are under practice. That led us to the comparison of established outcome with the surveys of treatment outcome based on dental arch relationship [5, [7] [8] [9] [10] [11] [12] [13] [14] [15] 27] and postnatal treatment factors [4] in other geographical locations.
Z score results of Figures 2 to 7 showed, compared with the control subjects, maxilla, mandible, maxilla-mandibular relation and upper incisor inclination are lesser in UCLP children.
However, vertical analysis (Go-Pog, SN-MP and SN-NF) showed greater value compare to the control group. Other values were comparable with the control group.
In our previous study, we assessed the postnatal treatment factors affecting CM in Japanese UCLP subjects [4] . The results revealed, modified Millard cheiloplasty had significantly better maxillary growth in relation to the cranial base (p = 0.004), better jaw relations (p = 0.005), better facial convexity (p = 0.002), and better proclination of maxillary incisors (p = 0.015) compared to the subjects treated by modified Millard cheiloplasty with anterior hard palate closure with a vomer flap [4] . The results also revealed, subjects who had a two-stage palatoplasty had better maxillary growth and proclination of maxillary incisors and gave reliably better CM than other type of palatoplasty [4] .
In the current study, our results showed, almost all CM outcomes have insignificant differences assessed by various congenital factors. However, male UCLP children had significantly better mandibular growth in relation to the facial plane (NA-Pog, p = 0.003) compared to female.
This difference may be due to females have a comparatively higher rate of unfavourable growth, which has been previously reported in a study on Chinese population [28] . In another study, gender and growth outcome showed significant difference (p=0.002) in complete UCLP children. Females had 3.59 times higher odds of producing unfavourable growth outcome than male subjects [11] .
Right-sided UCLP children had significantly smaller ANB value (p = 0.048) suggesting
Class III/mandibular prognathism compared to left sided UCLP. Previous authors found patients who have right-sided UCLP were slightly correlated with favorable dental arch relationship, however, the association was not significant [5, 13] . It is noteworthy to note that subjects who have a right-sided UCLP had favorable dental arch relationship. Future researches in a similar set-up from other hospital are needed to establish the cause [5, 13] .
Incomplete type UCLP children had significantly greater palatal inclination (SN-NF, p = 0.013) compared to complete type UCLP. Previous studies showed that complete type UCLP seemed to be correlate with unfavorable dental arch relationship [9, 13] . Usually the treatment of the complete UCLP is more complex than the incomplete UCLP [9] . As both hard tissue and soft tissue structures of the soft palate, hard palate, alveolus, lip, and floor of the nostril are involved in complete UCLP whereas an incomplete UCLP does not involve the floor of the nostril. Missing lateral incisor in the affected side of UCLP children had insignificant differences in 12/13 CM outcome. However, significantly lesser mandibular length (Go-Pog, p = 0.044) compared to presence of lateral incisor in the affected side of UCLP children was found. Foregoing studies also found no significant differences [5, [7] [8] [9] [10] [11] [12] [13] [14] [15] . UCLP children with positive family history of cleft had significantly lesser mandibular growth (SNB, p = 0.040) and posterior facial height (p = 0.033) and greater mandibular growth in relation to the facial plane (NA-Pog, p = 0.039). Previous studies [5, [7] [8] [9] [10] [11] [12] [13] [14] [15] evaluated treatment outcome based on dental arch relationship found no significant difference in relation to family history of cleft. These variations are may be due inequality in sample size.
UCLP children with positive family history of Class III had significantly better mandibular growth in relation to the cranial base (SNB, p = 0.040). Others authors also found subjects who had significant association with family history of skeletal Class III and unfavorable dental arch relationship [5, 7, 9, 13] . These results revealed that cleft patients tend to develop Class III malocclusion not only as an effect of postnatal treatment factors but also due to the genetic influence of family history [5, 7, 9, 13] .
The design of present study limits the discussion to a specific cross-section of time. There is a need for longitudinal assessment of CLP from infancy to adulthood. The protocols should also include in-depth documentation and long-term follow-ups of the patients. To monitor the effects of treatments in relation to the initial set of complications and to assess the effects in the patterns of growth from young age to adulthood multiple additional factors are needed to be considered.
Conclusion
This study postulated evidence that there were almost no significant differences in the craniofacial morphology outcome among various congenital factors. Moreover, these differences are not related to the maxilla. Thus, null hypothesis is not rejected, as almost no significant differences of all dependent variables (gender, side of cleft, type of cleft, presence or missing lateral incisor in affected side, family history of cleft lip and palate and family history of Class III) with the craniofacial morphology outcome were detected.
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